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@ Helmet systems. 

@ There is disclosed two helmet systems, each 
comprising a helmet (11) and, canried by the helmet 
(11). an optical arrangement (13). In each system, 
the' optical an^angement (13) both provides a col- 
llmated display superimposed on the helmet wear- 
er's view of the forward scene through an eyepiece 
(15 or 50) of the arrangement (13). and senses the 
angular position of that eye of the helmet wearer 
looking through the eyepiece (15 or 50) with respect 
to helmet axes. The optical an-angement (13) senses 
such angular position by sensing the position, within 
a sensing area of a sensor (37 or 72). of the point 
focus of infra-red radiation, from an infra-red point 
source (35 or 71 A), reflected by the eye. and pro- 
ducing an electrical output representative of this 
position, in one helmet system the eyepiece (15) is 
of the open optics type and in tiie other the 
eyepiece (50) is of tiie solid optics type. 



Ql 
lU 




Xerox Copy Centre 



1 



EP 0 408 344 A2 



2 



HELMET SYSTEMS 



This invention relates to h Imet systems. 

More particularly the invention relates to hel- 
met mounted display systems by which is meant a 
system comprising a helmet and, carried, in part at 
least, thereby, apparatus for conveying to the hel- 
met wearer, a display of intelligence relevant to the 
helmet wearer's role. 

The steadily increasing functional demands to 
be satisfied by helmet mounted display systems, 
especially aircrew systems, has led, inter alia, to 
the realisation of helmet carried displays calculated 
to supersede the now conventional head-up display 
systems wherein the display unit is mounted 
boresighted with respect to the airframe. 

Such helmet mounted display systems must, 
to achieve accuracies in, in particular, weafX)n aim- 
ing, comparable to those achievable using a con- 
ventional head-up display system, comprise not 
only some form of collimated display arrangement, 
whereby bright data presented at e.g. the face of a 
cathode ray tube carried by the helmet is con- 
veyed to the eye of the helmet wearer as virtual 
image at infinity by reflection at a see-through final 
element of an optical system of which the cathode 
ray tube is the first element, but also a helmet 
position, especially angular position, sensing sub- 
system carried in part by the helmet and in part by 
the airframe. The helmet position detection sut>- 
system develops outputs from which the instanta- 
neous angular relationships between Kelmet and 
airframe axes may be computed in so-called real 
time. 

Whilst such a composite helmet system prom- 
ises to serve as a replacement for the conventional 
airframe boresighted head-up display system there 
exists a further requirement for a sub-system for 
sensing angular eye position of the helmet wearer 
with respect to aircraft axes using the intennnediate 
agency of \he aforementioned helmet position 
sensing sub-system. 

According to the present invention there is 
provided a helmet system comprising a helmet 
and, carried by the helmet, an optical arrangement 
incorporating: an eyepiece tiaving a rearward ly fac- 
ing, concavely curved, first element exhibiting sut>- 
stantial reflectivity to light within a narrow visible 
waveband and substantial transmissivity to visible 
light other than that within the said visible 
waveband; an aerially extensive bright-image-for- 
ming source missiv of Gght within said visible 
waveband; and between said source and said 
ey piece, an optical relay arrang m nt including 
an inclined reflector operable to fold rays of light 
emitted by said source within said visible 
wavet>and for inddence with said eyepiece, said 



optical relay arrangement per se and the position 
of said optical relay arrangement relative to said 
source and said eyepiece be^ng such as to form an 
intenmediate real image of said source substantially 

5 coincident with the principal focal plane of said first 
element, whereby said source appears at an eye 
position defined by said helmet in the line-of-sight 
through said eyepiece as a virtual image at infinity, 
characterised in that said irKlined reflector is sut>- 

10 stantially transmissive to infrared radiation within an 
infrared wavet>and; said eyepiece incorporates a 
second rearwardly facing concavely curved ele- 
ment which is substantially reflective to infi^ared 
radiation within said infra-red waveband and sut>- 

15 stantially transmissive to visible light; there is lo- 
cated on tiie side of said inclined reflector remote 
from said eyepiece an aerially extensive sensor 
operable to develop an electrical output representa- 
tive of the position of inddence within a sensing 

20 area of the sensor of infrared radiation, within said 
infrared waveband, brought substantially to focus 
on said sensing area; and there is sufc)stantially 
coinddent with the prindpal focus of said second 
element an infra-red source emissive of infra-red 

25 radiation within said infrared waveband, tiie ar- 
rangement being such that when said system is in 
use with an eye located at said eye position, infi^ 
red radiation from said infra-red source is reflected 
collimated by said second element through said 

30 eyepiece to said eye position, partially reflectekJ by 
said eye at said eye position and brought substan- 
tially to focus at a position within the sensing area 
of said sensor, said position corresponding to the 
angular position of said eye with respect to helmet 

35 axes. 

In one such system: tiie eyepiece incorporates, 
between said first element arKt said eye position, a 
beam splitter element which is separated from said 
first element by an air space; the optical relay 

40 arrangement has first and second angulariy dis- 
placed lens groups; said inclined refiector is posi- 
tioned so as to fold light rays within said visible 
waveband from said source, having passed through 
the first lens group, to the second tens group for 

45 transmission tiiereby for reflection at said beam 
splitter element; there is. t>etween the second lens 
group and the beam splitter element, an intenmedi- 
ate beam splitter which is both refiective and trans- 
missive to infra-red radiation within said infrared 

50 waveband and substantially transmissive to the 
light within said visible wav band transmitted by 
tiie second I ns group; and said infrared source is 
located on one side of said intenmediate t>eam 
splitter, infrared radiation from said infra-red source 
being folded first by the intermediate beam splitter 
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and then by said beam splHter element of the 
eyepiece. 

In another such helmet system: said eyepiece 
comprises a body of light refractive mat rial having 
a light input face, a boundary surface opposite said 
input face, substantially flat and parallel fore and aft 
faces, and internally of said body bridging the 
space between said input face and said boundary 
surface an aerially extensive region comprising first 
and second faces constituting respectively said first 
and second elements of said eyepiece, such that 
light entering said eyepiece at said input face is 
internally reflected fonvardly towards said aerially 
extensive region, partially reflected by said aerially 
extensive region rearwardly towards said aft face, 
and transmitted through said aft face; said relay 
arrangement includes a lens arrangement, light 
from said source passing through said lens ar- 
rangement and being folded by said inclined reflec- 
tor so as to form said intermediate real image and 
be incident on said input face of the eyepiece; and 
said inclined reflector folds rays from an infra-red 
radiation emitter so as to produce a real image of 
said infrared radiation emitter, said real image con- 
stituting said infrared source. 

Two helmet systems in accordance with the 
present invention will now be described, by way of 
example, with reference to the accompanying 
drawings In which:- 

Rgure 1 is a front elevation of the first system; 

Rgure 2 is a side elevation of the first system; 

Rgure 3 is a plan view of the first system; 

Figure 4 is a section on the line IV-IV of Rgure 

1: 

Rgure 5 shows a first ray tracing through a 
display unit of the first system, tjeing a ray 
tracing of rays from a cathode ray tube of the 
display unit to an eye position by way of an 
eyepiece of the open optics type of the display 
unit 

Rgure 6 shows a second ray tracing through the 
display unit of the first system, being a ray 
tracing of rays from an infra-red (i.r.) radiation 
point source incorporated in the display unit to 
an i.r. sensor device via reflection at an eye at 
the eye position; 

Rgure 7 is a schematic view of a display unit of 
the second system shown divorced from the 
helmet of the second system, being a display 
unit incorporating an eyepiece of the solid optics 
type, the schematic view showing a ray tracing 
of rays from a cathode ray tube of the display 
unit to an eye position by way of the solid optics 
eyepiece; 

Rgure 8 shows in the display unit of the second 
system a ray tracing of rays from an i.r. radi- 
ation point source to an i.r. sensor device via 
reflection at an eye at the ye position of th 



display unit; and 

Rgures 9 and 10 show on an enlarged scale the 
solid optics eyepiece of the second syst m, 
Rgure 9 being a ray tracing r I vant to the 
5 function of the eyepiece in providing a col- 
limaled display. Rgure 10 being a ray tracing 
relevant to the function of the eyepiece in the 
sensing of the angular position of the eye. 
Referring to Rgures 1 to 4. the first helmet 
10 system has a helmet 11, a helmet carried display 
sulhsystem 13 and the helmet mounted portion of 
a helmet position detection sub-system (not 
shown). 

The helmet position detection sul>-system 
15 mentioned above may be of any suitable form. It 
may rely on optical principles in its operation. Typi- 
cal of such optical systems is the sub-system the 
subject of UK Patent No. 1520154. It may rely on 
acoustical principles. Alternatively, it may rely on 
20 an electromagnetic (inductive) coupling between a 
helmet mounted arrangement, e.g. a transmitter, 
and an airframe mounted arrangement, e.g. a re- 
ceiver. Typical of this last kind is the a.c. elec- 
tromagnetic helmet pointing system described in 
25 US Patent No. 4737794. Another such electromag- 
netic helmet pointing sub-system, relying on pul- 
sed d.c. wavefonns, is described in PCT Patent 
Application No. WO 88/02844. 

To be comparable in performance to the air- 
30 frame boresighted head-up display system the hel- 
met pointing system should, regardless of the tech- 
nology employed, have an accuracy of the order of 
a milliradian; but, for some roles or uses, the accu: 
racy may be significantly less. 
35 The helmet carried display sul>-system 13 in- 
corporates an eyepiece 15. an aerially extensive 
bright-image-forming source 17 and. between the 
eyepiece 15 and the image fomning source 17. an 
optical relay arrangement 19. 
40 Refening to Rgures 5 and 6. the eyepiece 15 
has a rearwardly facing, substantially spherical first 
element 21 exhibiting substantial reflectivity to light 
within a certain narrow visible waveband and sub- 
stantial tranmlssivity to light within a certain I.r. 
45 waveband and to visible light not within the certain 
narrow visible waveband, and. between the element 
21 and a design eye position E defined by the 
helmet, a fore and aft inclined planar beam splitter 
element 23 exhibiting both light-reflective and light- 
so transmissive properties within the certain narrow 
visible waveband and within the certain I.r. 
waveband and substantially full transmissivity to 
visible light not within the certain nanrow visible 
wavet>and. 

66 The aerially extensive bright-image-forming 
source 17 is constituted by the phosphor screen of 
a cathod ray tube (cr.t.) 25. 

The optical relay anangement 19 comprises 
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first and second angularly displaced lens groups 27 
a , 27 b and between the two lens groups a relay 
arrangeTnent reflector 29 operable to fold rays from 
tfie cr.t face 17, having passed through lens group 
27 a . through the angularly displaced lens group 
27 5 to incidence with the eyepiece beam splitter 
element 23. 

The optical relay arrangement 19 per se and 
the position of the arrangement 19 relative to the 
face 17 of the cr.t 25 is such as to form a 
substantially planar intermediate real image P of 
the face 17 substantially coincident with the princi- 
pal focal plane of the spherical element 21 of 
eyepiece 15, taking into account the folding action 
of the eyepiece beam splitter element 23. 

The contour of the real image P is such that 
light rays from the cr.t 25 incident on the beam 
splitter element 23 are reflected thereby to the 
spherical element 21. There the rays are reflected 
back sut>stantia]ty coilimated from all reflection 
points on element 21. and transmitted by the 
eyepiece beam splitter element 23 to define an exit 
pupil centred on the design eye position E. 

As a result a wearer of the helmet with his eye 
at any position within the exit pupil is provided with 
a virtual image, nominally at infinity, of the cr.t 
face 17 arxl. of course, the bright imagery pre- 
sented thereat 

Because of the close proximity of the real 
image P to the design eye position E (discounting 
the folding action of the element 23), the helmet 
wearer is provided wrtii a large instantaneous field 
of view of the coilimated virtual image of the cr.t 
display against the fonward scene viewed through 
the eyepiece 15. 

The eyepiece 15 has a second rearward ly fac- 
ing substantially spherical element 31. of focal 
length greater than that of the spherical element 
21 . exhibiting substantial reflectivity to i.r. radiation 
within the certain i.r. wavebarxi whilst exhibiting 
substantial transmissivity to visible light 

Between the eyepiece beam splitter element 
23 and the second lens group 27b there is a further 
beam splitter element 33 and. on the side of tfie 
beam splitter 33 at the principal focus of the sec- 
ond element 31 there is an i.r. point source 35 
emissive of i.r. radiation in the certain infrared 
waveband. On the side of the beam splitter 29 
remote from the eyepiece 15 tfiere is an aerially 
extensive sensor 37. The sensor 37 is operable to 
develop an electrical output representative of the 
position of incidence within its sensing area of i.r. 
radiation, within ttie certain i.r. waveband, brought 
substantially to focus on ttie sensing area. 

In use witfi an y located at the design ey 
position E. i.r. radiation from th point source 35 is 
reflected, coilimated by ttie second spherical ele- 
ment 31 through the ey piece to the design eye 



position E. Infra-red radiation reflected at the cor- 
nea of the eye located at tiie design eye position E 
is brought to point focus at a position within the 
sensing area of the sensor 37 coresponding to the 

5 angular position of the eye with respect to helmet 
axes. As shown by the ray tracing in Rgure 6. the 
passage of i.r. radiation t)etween the source 35 and 
sensor 37 involves, successively, reflection at the 
intermediate beam splitter element 33. reflection at 

10 tiie eyepiece beam splitter 23, reflection at the 
second spherical element 31, transmission by the 
eyepiece beam splitter element 23, reflection by 
the eye at design eye position E, transmission by 
the element 23. reflection at the spherical element 

IS 31, reflection at element 23 and transmission by 
element 33. second lens group 27 b and splitter 
29. 

Referring to Figures 7 to 10, the secorKi helmet 
system includes an eyepiece 50 comprising a btody 

20 of light refractive material having a light input face 
51. a boundary surface 53 opposite the input face 
51. substantially flat arKi parallel fore 55 and aft 57 
faces, and internally of the body bridging the space 
between the input face 51 and the boundary sur- 

25 face 53 an aerially extensive region comprising first 
59 and second 61 substantially spherical rearwar- 
dly facing faces. The body further has a partially 
light reflective partially light transmissive face 58 at 
an interface 60 between parts of the body. The 

30 faces 59 and 61 have the same reflection and 
transmission characteristics as regards visible light 
and infrared radiation as tiie first 21 and second 31 
elements respectively of the first helmet ^system 
described above. Light entering tiie eyepiece 50 at 

35 the input face 51 is internally reflected forwardly by 
face 58 towards tiie aerially extensive region, par- 
tially reflected by the aerially extensive region rear- 
wardly towards face 58. transmitted by face 58 
towards the aft face 57, and transmitted through 

40 the aft face 57. 

The second helmet system furtiier includes a 
relay arrangement comprising a reflector 63 con- 
stituted by a beam splitter having the same reflec- 
tion and transmission characteristics as regards 

45 visible light and infrared radiation as tiie beam 
splitter constituting tiie reflector 29 of the first hel- 
met display system described atwve and a lens 
arrangement 65, and an aerially extensive source 
constituted by the output face 67 of a cr.t (not 

50 shown). The face 67 is disposed on one side of a 
further beam splitter 69, on the otfier side of which 
splitter 69 there is disposed a point emitter 71 of 
infra-red radiation emissive of i.r. radiation in the 
certain infra-r d wav band. 

55 In use of th second helmet system, as shown 
in Rgures 7 and 9, with an eye located at design 
eye position El defined by the helmet of the sec- 
ond system, an intermediat real image PI of the 



4 



7 



EP 0 408 344 A2 



8 



source 67 is produced adjacent the eyepiece 50. 
light from the source 67 passing through the lens 
arrangem nt 65 and being folded by the relay 
anrangem nt reflector 63 in th formation of the 
image P1. The eyepiece 50 is located with respect 
to the relay arrangement reflector 63 so that the 
image P1 of the aerially extensive source 67 Is 
formed substantially coincident with the principal 
focal plane of the first face 59. After forming the 
image P1. light from the source 67 is incident on 
the input face 51 of the eyepiece 50 and is di- 
rected and collimated. as shown in Figure 9. by the 
eyepiece 50 so as to reach the eye at design eye 
position El. 

Further, in use of the second helmet system, 
as shown in Rgures 8 and 10. tiie reflector 63 folds 
rays from the i.r. emitter 71 so as to produce a real 
image 71 A of the i.r. emitter 71. This real image 
71 A is substantially coincident with the F>rincipal 
focal point of the second curved face 61 of the 
eyepiece 50. After forming this real Image 71 A, 
light from the Lr. emitter 71 enters eyepiece 50 at 
input face 51. and is directed, as shown in Rgure 
10, by eyepiece 50 towards the eye at design eye 
position El. Infra-red radiation reflected at the cor- 
nea of the eye is brought, by the eyepiece 50. to 
point focus at a position within a sensing area of a 
sensor 72. 

Each of the first and second helmet systems 
comprises two sub-systems as described above 
with reference to Rgures 4, 5 and 6 or Rgures 7 to 
10. one being canied at each side of the helmet 
(as shown in Rgures 1, 2 and 3 for the first helmet - 
system) with its eyepiece before the right or left 
eye of the helmet wearer as the case may be. 



Claims 

1. A helmet system comprising a helmet (11) and. 
canied by the helmet (11). an optical an-angement 
(13) incorporating: an eyepiece (15 or 50) having a 
rearwardly facing, concavely curved, first element 
(21 or 59) exhibiting substantial reflectivity to light 
within a narrow visible wavetiand and substantial 
transmisslvity to visible light other than that within 
the said visible wavet>artd; an aerially extensive 
bright-image-forming source (17 or 67) emissive of 
light within said visible waveband; and between 
said source (17 or 67) and said eyepiece (15 or 
50), an optical relay anrangement (19 or 63. 65) 
including an Inclined reflector (29 or 63) operable 
to fold rays of light emitted by said source (17 or 
67) within said visible waveband for incidence with 
said eyepiece (15 or 50), said optical relay anrange- 
ment (19 or 63. 65) per se and the position of said 
optical relay anrangement (19 or 63. 65) relativ to 
said source (17 or 67) and said eyepiece (15 or 50) 



being such as to fonm an intermediate r al image 
(P or PI) of said source (17 or 67) substantially 
coincident with the principal focal plane of said first 
el ment (21 or 59). whereby said sourc (17 or 67) 

5 appears at an eye position (E or El) define by 
said helmet (11) in tiie line-of-sight through said 
eyepiece (15 or 50) as a virtual image at infinity, 
characterised in that: said Inclined reflector (29 or 
63) Is substantially transmissive to infrared radi- 

10 ation within an infrared waveband; said eyepiece 
(15 or 50) incorporates a second rearwardly facing 
concavely curved element (31 or 61) which is sub- 
stantially reflective to infrared radiation within said 
infrared waveband and substantially transmissive to 

75 visible light; there is located on tiie side of said 
inclined reflector (29 or 63) remote from said 
eyepiece (15 or 50) an aerially extensive sensor 
(37 or 72) operable to develop an electrical output 
representative of the position of incidence within a 

20 sensing area of the sensor (37 or 72) of infrared 
radiation, within said infrared waveband, brought 
substantially to focus on said sensing area; and 
tiiere is substantially coincident with the principal 
focus of said second element (31 or 61) an infra- 

25 red source (35 or 71 A) emissive of infrared radi- 
ation within said infra-red waveband, the arrange- 
ment being such tfiat when said system is in use 
with an eye located at said eye position (E or El), 
infra-red radiation from said infra-red source (35 or 

30 71 A) is reflected collimated by said second ele- 
ment (31 or 61) through said eyepiece (15 or 50) to 
said eye position (E or El), partially reflected by 
said eye at said eye position (E or El) and brought 
substantially to focus at a position within the sens- 
es ing area of said sensor (37 or 72). said position 
conresponding to the angular position of said eye 
with respect to helmet axes. 
2. A system according to Claim 1 wherein: the 
eyepiece (15) incorporates, t)etween said first ele- 

40 ment (21 ) and said eye position (E). a beam splitter 
element (23) which is separated from said first 
element (21) by an air space; the optical relay 
anrangement (19) has first (27a) and second (27b) 
angularly displaced lens groups; said inclined re- 

45 flector (29) is positioned so as to fold light rays 
within said visible waveband from said source (17). 
having passed through tiie first lens group (27a). to 
the second lens group {27b) for transmission there- 
by for reflection at said beam splitter element (23); 

50 there is. t)etween the second tens group (27b) and 
the beam splitter element (23). an intermediate 
beam splitter (33) which is botti reflective and 
transmissive to infrared radiation within said in- 
frared wavet)and and substantially transmissiv to 

55 til light within said visible wav band transmitted 
by the second 1 ns group (27b); and said infra-red 
source (35) is located on one side of said int r- 
mediat beam splitter (33), infra-red radiation from 
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said infrared source (35) beirtg folded first by the 
intermediate beam splitter (33) and then by said 
beam splitter iement (23) of the eyepiece (15). 
3. A system according to Claim 1 wh rein: said 
eyepiece (50) comprises a body of light refractive 6 
material having a light input face (51), a boundary 
surface (53) opposite said input face (51), substan- 
tially flat and parallel fore (55) and aft (57) faces, 
and internally of said body bridging the space 
between said input face (51) and said boundary io 
surface (53) an aerially extensive region comprising 
first (59) and second (61) faces constituting respec- 
tively said first (59) and second (61) elements of 
said eyepiece (50), such that light entering said 
eyepiece (50) at said input face (51) Is intemally 75 
reflected forwardly towards said aerially extensive 
region, partially reflected by said aerially extensive 
region rearwardly towards said aft face (57), and 
transmitted through said aft face (57); said relay 
arrangement (63, 65) includes a lens arrangement 20 
(65), light from said source (67) passing through 
said lens arrangement (65) and being folded by 
said inclined reflector (63) so as to form said inter- 
mediate real image (PI) and be incident on said 
input face (51) of the eyepiece (50); and said 26 
inclined reflector (63) folds rays from an infra-red 
radiation emitter (71) so as to produce a real image 
(71 A) of said infrared radiation emitter (71). said 
real image (71 A) constituting said infrared source 
(71A). 30 
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